Samples #1 and #2 are homogeneous CdSe NRs that were prepared according to a published protocol 1 with some modifications. With the same precursors ratio, sample #1 (short NR) and sample #2 (long NR) were differently shaped by adjusting growth temperature. Sample #1 was grown at 300°C for 10 mins; Sample #2 (long and thin NR) was grown at 270°C for 10 min. Samples #3 (short NR) and #4 (long NR) Tetradecylphosphonic acid (TDPA), hexylphosphonic acid (HPA) and octadecylphosphonic (ODPA) were purchased from PCI Synthesis.
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dissolution of CdO at which point 1.8 ml TOP was injected and temperature was raised to 370°C. A solution containing 58 mg Se in 0.5 ml TOP was swiftly injected and heating mantle was removed until. Final core size had a diameter of about 2.7 nm. A slight modification of previously reported methods 7 was used for seeded growth of CdS.
A 50 ml round bottom flask was charged with 211 mg (1.6 mmol) CdO, 1 g ODPA, 50 mg HPA and 3.46 g TOPO.
The reaction flask was degassed for 3 hours at 130° and then temperature was raised to 340°C under argon until dissolution of CdO at which point 1.8 ml TOP was injected. CdSe seed solution was separated and purified for reaction by mixing with toluene and precipitating with excess methanol 3 times. Seeds were then re-dissolving in 0.6 ml TOP. The S:TOP precursor solution was prepared by mixing 51mg S (1.6mmol) in 0.6 ml TOP. Temperature was raised to 350°C for injection. The amount of dots used for preparation of sample #3 was 8ⅹ10 -7 and for sample #4 was 1ⅹ10 -7 moles.
Type-II QDs: CdTe/CdSe: CdTe core QDs were synthesized in high temperature organic solution. The mixture of 0.5 mmol CdO, 1.25 mmol TDPA and 20 g ODE was sonicated for 5 min before heated on the mantle to 290°C under nitrogen purging. A clear and colorless solution was obtained. Meanwhile a mixture of 0.5 mmol Te powder, 0.31 g TBP and 6 g ODE in septum-topped vial was sonicated for 5 min and then heated on a mantle to 214°C in order to dissolve the Te. This Te precursor solution, upon cooling to room temperature, was loaded into a 10 ml syringe mounted with a 12 gauge needle. Cd precursor solution was heated to 310°C under nitrogen; the Te precursor was injected into it under stirring. The temperature dropped to 270°C. At this temperature the reaction was proceeding for about 30 min (or whenever the target absorption peak position was reached). CdTe QDs were purified and characterized by UV-Vis (to estimate the concentration using known extinction coefficients) and TEM (to measure particle size and calculate surface area) for the following steps. Te doped CdSe core in CdS-CdZnS-CdZnSe shell (Sample #8): Te doped CdSe core nanocrystals were prepared using a procedure modified from a previous report 9 . A 50 ml round bottom flask was loaded with 26 mg (0. after which they were re-dissolved in 1 ml toluene/TOP (1:1). Preparation of S, Cd and Zn precursor solutions is described below (stock solutions section). Cd and Zn oleate solutions were mixed in a 1:2.5 ratio in order to get partial incorporation of Zn in the CdS lattice. Total volumes of 2.6 ml Cd/Zn precursor and 2.6 ml S precursor were added drop-wise to reaction solution over the course of 11 hours. The additions were carried out in a staggered fashion at temperatures ranging from 190° to 220° C.
Continued growth of CdZnSe: Growth of CdZnSe was carried out at 200-220°C by the drop wise addition of
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Se:TOP stock solution over the course of about 1 hour. Within 10 min, a new narrow peak in the emission spectrum appeared at 580 nm, indicating that the solution contained large amounts of unreacted Cd and Zn precursors. As growth of ZnSe continued, the two peaks remained completely distinguishable as both peaks red-shifted in tandem.
It was also apparent that the VIS emission was getting stronger on the expense of the NIR emission. 
SI-2. Pattern of the Interdigitated electrode
Photolithographically patterned interdigitated electrodes ( Figure S2 ) were fabricated at the UCLA Nanoelectronics
Research Facility using a home-made designed mask and conventional lithographic and acetone-based lift-off procedures. 100 nm/5 nm Au/Cr layers were deposited onto 25 mm diameter cover glass slides (Circle #1, 0.13 to 0.17mm thickness) using a CHA Mark 40 e-beam evaporator. The gap between finger electrodes is 2um.
SI-3. AC dielectrophoresis NR alignment
NPs samples were dissolved in toluene solution (1mg/ml), diluted ×10, ×100, ×1000 and ×10000 times and casted Emission is passed through Glan-Thompson prism (GTP). a, GTP is installed so that NRs' emission polarization is analyzed parallel to the electric field. b, GTP is installed so that NR's emission polarization is analyzed perpendicular to the electric field.
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onto an interdigitated electrode-patterned cover glass ( Figure S2 ). Sample casting started with the lowest concentration and step-wise increased with higher concentrations to reach optimal surface density for subsequent single molecule spectroscopy (in order to avoid signal overlap on the camera). A dielectrophoresis method was used for each casted layer in an attempt to align NRs long-axis along the field direction 11 (except for control experiments) in order to maximize the QCSE signal. It was achieved by applying an AC electric field (10 kHz, 100 kV/cm) during the casting process (before toluene evaporation 11 ). Figure S3 Figure S6 illustrates the procedure that was utilized to find NPs, select isolated NPs, and acquire their spectra. For example, four NPs located in the gap between two electrodes' fingers were observed in the data set shown in Figure   S6a (NP1-NP4). Since the dispersed emission of NP2 overlapped with that of NP1, the variable slit was adjusted to filter-out signals from NP2 and NP4, i.e. only the signals from NP1 and NP3 were selected for further analysis ( Figure S6b ). After passing through the dispersive prism, the two spectra of NP1 and NP3 were recorded on the EMCCD ( Figure S6c ). The camera acquisition clock (frame-rate) was synchronized to the alternation frequency of the (quasi) DC electric field (square wave, typically f o =5 Hz) that was applied to the interdigitated electrodes using a function generator (FG2A, Beckman industrial, Fullerton, CA) followed by a voltage regulator and a high voltage amplifier (STM 100 controller, RHK technology, Troy, MI). The amplitude of the applied field to the electrodes could reach up to ±500 kV/cm (f=5 Hz). The function generator synchronization signal was frequency doubled by a Labview-controlled FPGA board (f= 2f o = 10 Hz) (Spartan 3E, Xilink, San Jose, CA) resulting in successive synchronized acquisitions of camera frames in the V on and V off periods of the square wave (the delays between the generated waveform by the function generator, the high-voltage amplifier, and the actual applied voltage on the electrodes, were confirmed to be negligible; the RC time constant of the electrode was measured to be 0.2 ps).
SI-5. Data Analysis
Typical data set was acquired for 20~30 seconds in a format of a movie of ~200-300 alternating frames, i.e. 100~150 frames for each V on and V off . 
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All data sets were automatically analyzed using a home-written Matlab program. The program detects NPs location in the field-of-view (on the sum of all movie frames, Figure S6e ) and extracts, for each frame in a movie, all relevant parameters from individual spectrum including the peak emission wavelength ( peak ), the integrated intensity, and the full width half maximum (FWHM). It then calculates the histograms of these properties for all V on and V off frames in a movie. To achieve this, the following steps were performed:
(i) Background correction: Owing to the nonlinear prism's dispersion (especially at λ > 700nm) and random background noise, background was corrected across the whole field ( Figure S6d ). The X-axis (column) of the raw spectral image represents wavelength. The Y-axis (row) of the raw spectral image represents real space. All pixels in the field-of-view were integrated over all frames (along t) to average out temporal intensity fluctuations, and over all rows (Y-axis) to achieve an averaged, 'single row' background. This vector is then subtracted from each frame and each row to achieve background correction.
(ii) Peak detection: The spectrum of a single NP spreads over several rows and columns. To detect each spectrum's peak position, a Matlab built-in one-dimensional peak detection function, 'findpeaks', was implemented twice, both for X and for Y directions. It returns the peak coordinates (x n , y n , where n indexes individual NPs). When the areal concentration of NPs was adjusted properly (~1 NP per 10 μm 2 ), the yield of spectra extraction from individual NPs approached 95%.
(iii) Spectrum's profile and thresholding: The program returned a list of NPs coordinates (x n , y n ), ( Figure S6e ) and subsequently extracted parameters for all NPS in the list, one NP at a time. For each individual NP's spectrum of each frame, a profile is defined: S 2D (n, x, y, t), with index n, frame t and peak position (x n , y n ) in the region of by a 7 th order polynomial F(n,x,t) (since spectra were not fitted well by Gaussians or Lorentzians). Figure S7b shows 1D
S for the data shown in Figure S7a .
(iv) Final data reduction and presentation: S 1D and F data (excluding blinking-off frames) are further divided into V on and V off frames which are used for the construction of average spectra (as in Figures. 1c, 2c, 3c ) by averaging S 1D (n, x, t) and the construction of spectral peak position histograms ( Figures. 1d, 2d, 3d ) by tabulating peak positions (x peak ) of F(n, x, t) for V on and V off frames respectively. Finally, the X-axis is converted to wavelength by quadratic fitting to the calibration data (taken with 2 lasers and 1 LED spectral lines,). The differential spectrum (Figure 1e , 2e, 3e) is acquired by subtracting V off averaged spectrum from V on averaged spectrum. S11
SI-6. Simulations
We calculated the QCSE by solving the self-consistent Schrödinger-Poisson equations using a home-written Matlab program. Cylindrical symmetry was employed using a finite difference mesh. On every discretized mesh point,
Schrödinger and Poisson equations were solved by assuming effective masses and self-consistent field approximation. The code generates electron's and hole's energy levels, overlap integral, and exciton binding energy by solving the coupled Schrödinger-Poisson equations iteratively using the finite difference method. To achieve three dimensional calculation with manageable computational effort, we apply axial (cylindrical) symmetry to the geometry and Laplacian operators for homogeneous space (or gradient and divergence operators for inhomogeneous space) in the coupled equations. The entire computational space extends 3~5nm further from the NP boundary (allowing for e and h wavefunctions to extend outside of the NPs' boundaries and decay into free space). Figure S8 presents the flow diagram for these calculations. First we define geometry and geometry-dependent parameters such as effective masses (m*(r,z)), dielectric constants (ε r (r,z)), and conduction and valence band profiles (V CB and V VB ).
Parameters and their references used in this calculation are summarized at Tables S2 and S3 . At the NP boundary, ε r is assigned the average value of the NP and air dielectric constants. The potential generated by the external electric field (V E ) is calculated by solving the Laplacian equation 
SI-7. Dimensions and parameters used in the simulations
Geometries used for simulation are shown in Figure S9 . Parameters used in this study were obtained from the literature 15, 16, 17, 18 and are summarized in Table S2 and S3. For simplicity, the same dielectric constant (ε r =9) was applied for the all samples, and the dielectric constant of air (ε r =1) was assumed for the immediate surroundings of the NP. Conduction band (Δ e ) offset between CdS-CdZnSe is assumed to have 0.3eV which is a medium value of CdSe-CdS and ZnSe-CdS. Valence band offsets (Δ e ) of sample #8 are assumed to be zero except CdS-CdZnSe interface in order to ignore type-I transition and only take account type-II transition. Figure S12. Dual-color spectra of sample #8. Type-II transition (top), and type-I transition (bottom) as function of field modulation.
S14

SI-8. Wavelength shift (Δ) histograms
